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(54) OPTICALLY CONTROLLED PHASED ARRAY ANTENNA 

(57)Abstiact: 

PROBLEM TO BE SOLVED: To receive a plurality of radio waves 
incoming from a prescribed direction without digital signal processing by 
processing a high frequency signal in an optical space 
SOLUTION: Each antenna element 1 7-n receives a plurality of radio 
waves Rw and outputs a reception signal to a transmission-reception 
module 60 The reception signal has a phase gradient corresponding to the 
incoming direction of the radio waves Rw An optical signal processing 
unit 10 optically processes a plurality of input high frequency signals S, 
generates a reference signal corresponding to each reception signal and 
outputs it the transmission-reception module 60.. Each reference signal has 
a phase gr adient inverse to that of the r eception signal. The transmission- 
reception module 60 inverts the phase of the reference signal and outputs 
an intermediate frequency signal with a frequency between the frequency 
of the reception signal and the frequency of the r efer ence signal to a 
synthesizer 66. An intermediate frequency signal IF whose phase gradient 
is in matching with that of the reference signal is outputted fr om the 
synthesizer 66 among the signals received by an array antenna 17 and the 
signals not in matching are not outputted. 
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tc -y->7"y>^7 r 2-1^-1 2 ™N©&sa 

M I 2-1-1 2 - z 1/-12© 

tt ^WBCfiHtW^^'J >y*7 t ^< I 2- 
T b - 2 0 OGR i N l'> X 2 - L - 2 - MCDfi25U*lel 

4 £t>K¥?r& a o —sat" 4 £ ^ k grti 

[0 02 8] CttfCjz^Z 7T-f/'<TU-l2«, # 
If > >^*7t -Y mi 2-1-1 2 - NO^tBMtc: 

} 2<©AAWP 1 2(Cfe^^C3^^1f>v 

v v- y > ^b A*ttannwc* > ^ y ^ ^sti 
[ 0 0 2 9 ] Toggle 14-1-14 - n w*h* 
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1? 

^IfSlI^- T R < n > It t&O&mm c < n > 

^ISff^T R (ft) it, ^7>7-^SiNff ° T A (n> 

9Te (m. si > ccftSf f^IM^ 
i & - 1 - 1 5 - Nl*€-h**l, &#H8S-t-R c c n > 
mfi&T^T+imfE^Tt (ft > *aift3tt4J:^fc 

I 0 0 3 0 ] IE fc> iSftla 6 0 it, ^1^* 

S6 1 - n 4KAtt«B6 2 - n 4ffi^S6 3 - ft 4> 

A^*SW2™n, SW3-n4*6ftAlJB©Ba 

©ftiW-? i o * i&**«ffi«* 

T R (nJ^AA^^ X ^ j» fSW3-t»<5)ft*l* 

K«r>r^JR* i 7 - ii*q*fts*vSo eo-c x 

? SW2 - ft<Ea*fe£4 SW3 - n©a*jS4««K 
S^*S*eB6 2 -nAs*fft34T., A.OfSV2-n^ 

30 lSS6 1-nt*. *waf^TR (n) 4l,CA^S 
tl^ffil^Rc (n) 0Di4tB4Se5'ttt:iESB6 3 
-iitcfflAT*, CCt' x-f**SW2-n. SV3 
- ft t*jS*Wlft Sfl^iS 6 7 K <t X mm b# cc ct a 

[ 0 0 3 1] « ft: , iS*«*S? ^ 6 0 ^>#^ 6 
3 - n^&UASAft^niHffelKlt-V I F , < n > 
it WiBijft? * >U * 6 4 - n 4 ^Rni6lKlt-9ifMa 
r 6 6KA*Sft*. C C T 
40 &A&S8 3 - ni*2^XJa±<3S>*N»»Attl*fttttW 
U >JjSn**JR**R c { n ) 4^:lf if < n > 
4©«t>BjBtt*W*"£1I ^^^SitiA 
<_/ S^M^ <.'^64-n itvl^g§6 3 - nfr&ffl 

(a) 4^0Da^*-#T^f^^*iii&^tft:ffl 
AT«o jE-&»6 3-ni«i!»*^ 

*I F* < 1 ) - I F* (N> 4-&.«ft:'&!«acQ*BJH 
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A/5S*i&*IB«f*«Mt** I &^f£Rw Cm) 

[ 0 0 3 2] U±<D&lcm&$fttcW 1 
aWttlS*(WB6 7tcJ:->-C, ^SWl -m, 

So (m) j&*A*3*i, ^Htff^So <m> ccS^ 

n ifi+ssesse i - n & atuxn&me 3 - n KA 

^«©*b]jb*|mm- i F, { n > sMMsm^ * 
#s^ge etc xjbsnr^n, amae 8-eflws 
[ o 0 3 3]* aunti** mmw hmmmi 6toci 20 

ftX^^SVl-tt, SW2-n, SW3- 

fSW3-n £ ftl/tT > F**?- 1 ? - n 3&ft6£BK 
JMH S ft. #7 > r :T3K?*&*M*8 titer > f-+f6M 
iKT* in) it, SfiHE-4-T «m> icfrfeUfc^Jilig 30 

[ 0 0 3 4] ^©<fc^K*«S*l&*»ffll*B 
SCVf &»IBW-*R c < 51 ) &E>'7 > T^MMm^ T 

1 0 tc \fi$n& s^mmc- A^^ff " s 

K«*S*l*»-r«:ft , S'|H-C*Ao B6i?tt, 

Itt'^GR i N!/>X2 - r*H:WftWliL'>XTU- 
2 0a^^t^U 3 9©GR ! NU>X2 - 1 , 2 
- r 2-M**&. tf^JHRt-AJtGB 1., GB 

INU>X2-i, 2-r.. 2-Mi**n^n GR ! 
Nb>A2-l . 2-r. 2-Mfl>SttGAl. GA 
r GAM^- V xaEft^>X8©**BKTtT{Cft-6 



4tW¥ 10-85434 

u 

-r. 2-M*'6eftWJ^Sn4«f l 5X^?ttr--A 
JftGBl. GB r, GBMtt, ftb-Afl)S*GAi, 
GA r, GAMtfE^K^fiKtt&J: S^feSiSftf^ 
- "J xgJS l"> #8 AW 3 
[0 03 5] fi£->t\ 7-'»x^u>A'8iCAii^ 
fc^ASfhr-AjfeGBl, GBr. GBMG* 7- 
yx^L^^'SM^S^ffltAiAAfflP 1 2tC 
fc<AC 4 ^ajSHSfc^A^GB 1 GBr, GBM<0 
ft***— »* , *J: J 5tC**Stl'C, A/3MP 1 2CT» 
CCt\ WAftTKtr-AjltGBl. G 
Br GBMt*«n^n. A»MP 1 2Kfet*C. 

i*A/5WP i 2Kte^r*»A3 ot^if 
0!>****K»s*3*i*» H6«cfe^-c, Op 1 Gp 
i ^!?G p M=£:flOtSTaaiiC-n^ A*iBP 1 
2i^aWS^A$15t:-^GBl, GBr. GBM 

[ 0 0 3 6] Hftlt f .«ir9'&A^inieit-9 
^ J: ^ X'JHftK All ^ ^ <WB ^ B in 

6, CCr, ^A^Hif-AjltGBffilt, 3fcW3 0 3^ 

^tr-A^GBi it, ft*A3 0-b«>GR i N^>X2 

GB r 4#9^»1|ib--A*GBmi***i^h^iH 
P 1 2±<f>^Z0^S^xOtm^^t'%f^^ 

ra^o*** < aaafifta&K jt, na^AJHA-cAA 

BP l 2 *CA*** 2 b-Ajfei* l^—^ll^M^ 
[0037] 

[Kl ] E, = A,exp < j -2b: f o t > 

[Rt 2] E n =A,exp < j 2ni 1 ■■ t + j -k-x • 

[0 03 8] cct, Atifteifc <f>^»ipbr-A* 
G B m<E>AM#n^^M3 0 i ©B©ftJ*i:'* 0 k ti 
SB6b*-AiltGBm(Mfi*»*St^'CK = 2 x/*X** 
Sft-Siftttft'Cife&c gE^r, A/5iBP 1 2iC*36J-& 

" jtM 3 o hmm x $>im v<f>^<omw^ & t & e t 

ti » 1 ? b E ,4 He 2 -vrntft* 

r ^ o t 
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[»4] 
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- A« ex pO 
I 



16 



= Et ■ E 7 ■ 

~{A d e*p(r f o + 0+A r exp<i-2 
X{A n exp(-r2?r f o-t)+A,exp(- 

[ 0 040] CCt, f 1 t*# * J^ffi t' - A* G B m 

*3 f o li^wx^iffc- AjfcGB r ©JBiftft'C*** 
"fJtttofe, AAatniftlB-9ti[>JBKftf . = f 1 - f o<D 
Hf**<*6o Sfc, AitSW^^^fl'Tljfc'-A^GB 

44>flHHK f „ ^9^^«ftttCiEtt$ttM<:^ « 
*ga»»**&, A*A,cc:ttpiT*»(B<t»K» 

[ o 0 4i] cc x\ —mmc grinu> xupbtut 

U A > X 8 */f 1/ 1 fStR * *#*X#1|Itr-^3te 
AiPi2*£i^t:b, ^x^llitr-AjftGBmt*/ 
flkl . ft204 3 C^*IA rt , A,l«*l**l, X©*5, 

Ute^ctws*. c \^ip i ate few 

[ 0 0 4 2] 

[|t&] A„=A..*xp {-xVwi 1 ) 
[g&6] A r = A rJ exp (-x 1 /©, 1 ) 

[0043] CCV, w s iW^»l6t-A*GB 
m. G B i - fl? tr - A "5 x * ht 3 * *J F tt^ - 'j j&XfSl 
U > XS flWW AEBftT?* * • # " ■? X#fii K A * GBin 

^i«i>gr i n L*>x<BiM*&*i*3 o 

«- o*s-7- y^J^U>X8<WlMffiftF J: OttA^tC 
s in6=ro/F^9 -C** CtW* 



■■ ?«♦ t £ 7i ■ r o-x/<* *F » 

VXft-ftG i r ©*KG i 1 SCXG i M©fWtffl/t: 

I 0 0 4 4 ] (D^fl^AKfe^C ±itL,fciEffijft 
[ 0 0 4 5 ] 

[»8] (3,to/F^/2 

E»9] M„.= ^ F/ (do'dj 

[0046] CCt\ dottRtriGR i N^XB 

9^^TSfc;--A*GB s 1 tfiE*<3!>#"?X»1if-A*G 

t* I 0 <D£ * ECgfC 

[ 0 0 4 7] 

[S810] £• <x> =A B0 A^oxp<-2x ! /Wi*)-ex 

40 p { j -27T*X* I 0 / < * + F>} 

[ 0 0 4 6] C C t\ ft 1 0 ttft4 »6«< Ciit' 
^ |k i 0 C[>dtKtttS. 2 A^HOfliRftS 

7f J H 2 -n<^>ftN '^?^*>7>f^tN 
tfcRCftl l*ffll*r83E3*l*o 
I 0 0 4 9] 

[»1 I 3 N=So> l /d 1 =2 \-F/ {ff*di-«»> 
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W^fttSt-AjtoMiaB!' oiA^MP 1 atcfc 
tf4t>7'y>y*7T^;< - £>&g x SMS U 
4t£iB4#Wl, MfflRf mi7lS«rr*o a 

ttfc*MiiiL«roictt«*'4o tt^x ±.&o>mmr&^ 

&&&&&& if > 7" >J > y L X *flW W 6 C 4 K £ 

■<E>o 

[005 1 ] JWC, ±±fet^3fe^lt^5^^SEl 00* 

*«JttWP * 4 ol , *^jgfl5SS^»fiaear b - r > 

i*IOTi|»Re <m. si) It X<E«l2t*tC 
4#C£, SBkSafKW^Re (ffi nJ tc*lf£UX 

Rc (n) KS*n6#il*fl»Rce (m. ft} > 



(10) GUI? 10-65434 

* 1* i 3 C 4 6, 

[ 0 0 5 2 ] 

[SK 12] E s ,n = Aexp {")^„t-^n?J 
[J813] E LB „ = Bexp (-j^J-jmJ 
[0 05 3] CCt, Ml 2^ f J^i6Rv (as) (D 

«r>»L.ttAA*JKAflt-4S <m> QftJWMRTAD, or 

s^Rce (av n) 4*<»£SfrsWft3ft4 e MaJS 

?fift!«*Bi# I F A Cm, n } 6* *fl>* 1 4 1?** C 

20 [ 0 0 5 4 ] 

[^14] E ]frtrt = ABexp {-j t 
— j §"x { «„- £J } 
: [» 1 5 ] 



K-l 

=ABcxp(-j«TP* t)[l-<xp<- j *tff,))tl-e£p<- j Hff,)] 



[ 0 0 5 5] C C X\ 



^-^t?**, *fc, St 1 5*C*J»*sin <M0./2>/5 
in(er»/2)i*, <?.= a - S (a = 0.. 1, 2. > fl> 

»&4**t*o iSvtT, sin {M€r B /?)/s1n<cJ„/2>i^ o« 

= 0 © 4 » td**fi N^i^c 1s*ttJEfJ«t?t* 

Rw cm) m*l%ittic#moX^Z>7 *) > yft? ? 4 

[ o o 5 6] * tc % ^m^mmic ftmt^^M 

fiSWT* Cite* 0 , Bt1e©**I scHHife t'- a B 



(m> ©*«Rtf-AB (as) <K>»i*S7*li*— SW* 
[0 05 7] S/c, T 7 -nCCcto CT> 

[ 0 0 5 8 ] 
1*16] 
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m 

[0059] ^jm^ir^T^-r>T^m 
a* * $m t - wfeo b m h ms#>mk z o ^ 

[ 0 0 6 0 ] Tfttofc, SflB#tct± I ©3fc»JW8at^ 10 
a-^'fri — 7>mc^X, GR ! NU>X2- 
6 f&tr 5 4vc y - »J u > X 8 AS* S ti h -ft 
-5 ^Sfb-AG B mi* ? - "J J-gift >X8 K J: o 

t Y''<tl— i accjcvc. ainffjfctf-^" y >^<*ft 

£ 6 T^r^^-r 17-1-17- N*^«4 

r 7^e>s£&b ^ * - >t* ^i^r u - r > r + ©esp 20 
tcfew ^s«fiiB»"W<o^ - y iS3ft» (■* 7 

titf s^it 2 a ^ - y s n&tio'c, sa*n®a o > 

^7 - i» x&» ^ > X8 tc \it £ ft£ # *j x tr- * G 
JKT ft C 

[0 06i] eex\ 7- 'j xS8fci/>X8 

-AGBin cc*j s&o r r b - r > v- a* ft 

«3 04»6«>M6r o Kttlttt"*^©***^ <S| 1 
[0062] mi tCSt*'* 5 tc, fltfcf U>A?b-2 0 

# x b - A G B m«c *fJK T 7 I-- - T>f"t&£> 40 
*W*Sft63SfflfMT (me) G>*S«t"--AB <im 

3^6ftfcttn^fjaBT&GR i N I-VX2 
! N > X 2 - M^6fei^ni>^^ - B 

i stow -5 x^fi? t-^GBM *c jtfit itru-r>r 

*'4Si*J»ifttr-£B (i > , B (oc) ii, 7^r 
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exD ( j *m ♦ k {d. cos ^ -di ♦ 

[ 0 0 6 3] W±»iS Ufa kite* mi <^>**B*<Wfc 
* UW^7 ^ - X K r u - 7 > r * tt Tt^if^-^fi^S 
1 0 tfit Att»M»^!fcllBa*«»R c e 

b *o»*M«©aHt ft T e (m, n > 

© c c- ft efrij^&D^rm^ ^> iU^r afts»MiH«>s?s 

[ 0 0 6 4 3 * fc. ^1 ««»«J»«)iS*iJffl8tt7 

^^^Ht^s^^f ^ cia< mi^i^mM^m^ 

[ 0 0 6 5] PJLh<om 1 ©Sttii»«<WtMiBa7 
-GBM^S^#^X^15t:^A^GB ritHI— 

[ 0 0 6 6] C «>» I CP*l**»^lMllia7 * -X K 

7i-?>ft^ jsftii**>a^6 0Kb^, x 
m 2 <c^m&B<DMimmy * - x h 7 u - r y f m 

*HiMS27 ^. - X F7U-7>rtii B ! 1 
Sg»«>jfetllaiSS7» . -X K7 l"-7>^tCft^ s 
5 0 ^C«*«*^a ~*\> " 0 

^^lEi/tTSflTAiltffff^T (m? ^BflZlt^Sl^ 

tc n «c Aii^c tm r- a * . 

[ 0 0 8 8] -ra*?*, ?2^»J^iSi^i^ 
-^7 Ott, B 8 *C*-*"J: 5 til, #7>r^'^ J F 1 ? - 
n^*r^C. ffifBSfiee 1 -n4SWe«S62«n 

^t-^^ 1/-J73- rii^&aA i ja<o0ffi&*J- 

^tl^lT-nKf^n^ -tit, f-^^ 
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MM? <t 1 5-n 4<Z>WtC* IF^siM:? i>V$7 1 
- si 4&fSSj&g§6 1 - w k?Z?}mm§ 2 - n 

6 3 - jn ^#©A^(i^ & WWM 7^;lM5-n 
MH^&tft&r*. £fc f Jfc*7 1 - nit 

itmm^^Mmw i o ^awshST^? ^ 
t, { n > taas#**^WRii^R c in) ©sis* 

«HcH*<*ft&, ±i&<^£fc£^r ^2«1 

*«Wa*H»«6 7K.J:^^ % &X-Y ^^S^"l -ma* 

& 0 SafcMfflf-SR c { n > ttttWiia^ y '^72- 
r> £titBKM t/H/TBSB6 3 - n K A 

i f A { n ) ^^gaa^ f.pn?64-n4*n 

Jffl«»«^*iBB6 5 - fx tiftl, C . 6 8KA 

SjSftT*«sti, aBwee-cflflisnfcattiiisn 

[0 07 1 ] KM*, aftffltBft*lWW6 7K 

ch*cjc-? c *** ^HfiBdOi i o c\ r 

ii^T* <a> ^^tir^ii*7^^^7 1 - 

n 3;ft*e*Bffi 6 3 - n + *l/-*73-nt 40 

[ 0 0 7 2] ^KHrtiiftft *2 ©^JSIfMQ 

4|^l£©^£^&o 

[0 07 3] <»l©Saffl>H94*. *«BSKJfc&» 
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1 0^*>t*TS60C, Bfei4t'>Xru--2 0**W3 0 

tc*f Lprata*«r i ^^r^r^^si^ 5 7 

4 ^ft»«rtfllw5 7 ©ftft&*»**(^K 5 8 4 
[ 0 0 7 4] c ©» i ^r*@l}S7 *-^Tr 

I - - 7 > tt ^-K te^ T , 3 iBWDElBfcfilBrREF 

flrtM** - >©W^©iai»iieiT©J: ^ ^*t?3A 

*w a o (cstL- -csfift sum *s csaw * * ^ *c 
5 7 * son? siss:^pij©**ijs^ ? * - 
x f 7 u—r>^it> ±as©/a*Ri*ra i ©• i © 

[0 07 5 3 ffi-j-C, B9©Wl©K»«Kto^*-Cli, 
[ 0 0 7 6 ] S fc, fcUi©IH9 (JSW^PKWWIiBSJ^ * 

trfeAt*, 

[ 0 0 7 7] <flte««W>* fc, tl±©» I ^ -S3 © 
^ttRSBtT'i* G R ! N b >X2 - 1 - 2 - M*U ^ 

*n*c^lsftfciM*L'>xr 0 4, ^r^y > 

y^t^ yfK12»i v]g-N^i :^7c^fSi^|a?^ 
n"<:^ r ^ -^'7 b - 1 2 4 7>^^I 7-1-1 

7 - i ^ E9U a ttfc r b - r ^+ i j 

1 0 KiWJ: 5 K:, tWft©G R i N b >X2 2 0-1 # 
^ h y ?X»ttr # 2*S#rtKBJUS4lfciJEtll'>X 
7l/-2 2 0i S1S0f>7y>^7T 1 2 

i^7l^2 1 £4, *g^^r>'r^^^ h ] J v & 

xjutti? 2 ytfG#i&i ocaayu 3 n& r ^ - r >r-^ < 

&C cfc D jHtT 3 *«»CE>Hl**rt»CXiaflWt * 

* 3 rtchk be* * c t * . w i ay 
[ o 0 7 8 ] s ^jc , an gs$«0t?«, EMfb^xr 

tt»fii5 7 *M|!l?£«MMt5 7 4*JB^tT«*Ofc 
*^itcntcgfi&T SSifu>Xri^"2;042 

GR I NU>^£- I -£-M^^7h I? ^ ^a^T2 
^XtE^ tCE^J S ft «: tttt b > XT U - 4 , ttSt > 
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[ i) 0 7 9 } tl±4>3a 1 -^3^Ji^SSKfe^C, -? 
f <{ /*T 1 2 \t^ >^f 'J > ^jfe? r -f ■>< i £ - I - 

^> 7 1? >J0fr7 7 On 2-1-12 

[ o o s o ] u±&m itm2 ©ittwtflBrt* ttwra 
aea^ftMs i tt, en<tuB5ft* < t o + f 

. ( 1 > ) - (f o4f n (M) ) «*?&WKMB0>b r 

tic fttcK^-r" *n*ft«ifti!t (f o-f» ( i > > 
too a i ] *ft, *»±cd*i tMSoo^*fe^icfct j 

r TVr^i 1 ! 7-1-17 -N4bri£ Jf-f# 
[ 0 0 3 2] 

mnm awe nLbwm 1 4»2«>Wi»^«Wi 
5 j u-^3^ft»tc-?c» , <:»W4'* 0 101 n* »i 

KA:>6<pRgK ro=0, r o= 1 2 5 n mRO' r o = 2 
5 o ju m<?M4iK^ 6 fi*>?>9m b- A^fe 

A^^tBflW***"^?^*, HI I 
ft J: 5 (C, jfcflU (ro = 0 ii m) C tr- AjfesgciSi, 
fctt^Ii, 7^/j^SP i 2±044XW£fcl> l c4>ttKMi 
^L-<ft&<> Sfc\ fc'-A*CS>«c«l4Kft*<i3 03Bfr& 

5 0 $ixav>m£} AAiHP 1 2K*tt» , «Mi3 0 

fiig£}feis3 O^&Mtff! BtixKtir&tttBOfll* 

[ 0 0 S 3 ] |9 1 2 it, * 1 4»2 ©*fc*J«©«*« 

feftH4a*j6W 3 0*&«>Baii !■ o = 0 u mtcBHfeU 
?VJ * »Tg b - AjfcG B m 3>Zktf *3fcSa 3 0 *■■&<!> 
$m r o = l 2 (5 ij laffij r o = 2 5 0 u mlCBKEl/fe 



13) ISH^F 10-65434 

2^ 

#^x#l&b-^©b-A£xj*hBu>» 
= 6£ 5 Jim 7-y*«»i->X8W«l^B5|l6F = 
I £ Omm, b-£3t<WRJKA» = 1 . 3 ju^tcSft^U 
&• EH 2 tCte<,*T\ x o =0 jim=feffL' , CSL'" , Cl a * 

B¥tt9nfc*>©«rStr-Cfr^ *fc ro=l2 5 iJ 

= i as jiin^fiM^&ttttsnfc^-jxftiiitr-A* 

4T*-***"->*3Sl^ r o - 2 5 0 ^n^ftl Cil 
rci*js«t* ^3 0 *>£<DSESt ro=25 0 m<?> 

^^fo Hi Scoy^^^^fe^ftJ:^*!:, A^MP 

4#t>^4o 

[0 08 4] HI 3% W^^^TSf-A*^ 

it ^le^S^^r, jfcM 3 0 3^&<S0IBNt ■■ o = 0 iJ 
m t o = 1 a & jj inStf r o = 2 5 0 ji m03"^i 

U-fa >t?«. Sa^^^X^-Str-AJfeGB r it, 

30 >^7^.-f/Wlid 1 = 1 2 5iiia 

x. g Jft u > X 8 F = 1 2 0 m m , b - AjfeC[> 

3 ifj mtetfr:^ r >r ^SS+H^KIB 

H 1 3 CC fee* C ti^Si»ii*ifelai: < E^§S s 0 = 0 ii 
in > S - & L* 0 t - ^>^«ii b - 

jM?*tt«0ftj5BP2 OKfc^f *«3 O^Stl^ 

b - A^fej^t' ifilESrMOllK 1^^' 6C 4 *C £ 
0 7 L--T^?'^5fe«Sn*4S[«b'-A©b-- A 

4* cct?, tr-Afl4tt ft«b-A©ifc-^ 
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